Detoxification of 1-chloro-2,4-dinitrobenzene in MCF7 breast cancer cells expressing glutathione S-transferase P1-1 and/or multidrug resistance protein 1.
We examined the roles of glutathione S-transferase (GST) P1-1 and the glutathione S-conjugate (GS-X) transporter, multidrug resistance protein 1 (MRP1), singly or in combination, in the detoxification of 1-chloro-2,4-dinitrobenzene (CDNB). Derivatives of MCF7 breast carcinoma cells expressing GST P1-1 and MRP1 alone or in combination were developed. Detoxification was measured in cells as formation of the glutathione conjugate of CDNB, S-(2,4-dinitrophenyl)-glutathione (DNP-SG), efflux of DNP-SG, and ultimately protection from CDNB cytotoxicity. MRP1 expression in the absence of GST P1-1 confers a three- to fourfold resistance to CDNB, which is associated with a >10-fold increase in the maximum rate of DNP-SG efflux. DNP-SG efflux in MRP1-expressing MCF7 cells was ATP-dependent and exhibited an apparent Km for DNP-SG of 95 microM. MRP1 expression alone, however, had no effect on DNP-SG formation. Combined expression of GST P1-1 and MRP1 increased the rates of DNP-SG formation when cells were exposed to 10 microM CDNB. Moreover, combined expression of GSTP1-1 with MRP1 moderately augmented MRP1-mediated resistance to CDNB but only during short term (10 min) exposures to CDNB where IC50 values were in the 8-10 microM range. In contrast, expression of GST P1-1 in the absence of MRP1 slightly sensitized cells to the toxicity of CDNB (10 min exposures), despite increasing rates of DNP-SG formation. The sensitization to CDNB in cells expressing GST P1-1 alone was associated with increased intracellular accumulation of DNP-SG, indicating that DNP-SG may contribute to CDNB toxicity. The potential toxicity of DNP-SG is also suggested by the finding that inhibition of DNP-SG formation by prior glutathione depletion confers resistance to CDNB cytotoxicity in MRP1-poor MCF7 cells. Altogether, our results demonstrate that glutathione conjugation and MRP1-mediated conjugate efflux can operate together to confer resistance to CDNB. The data indicate that MRP1-mediated conjugate efflux is required for cytoprotection from CDNB because its conjugate (DNP-SG), when present at high intracellular levels, may also be toxic to cells.